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Description 

The present invention relates to an electricaOy conductive multilayered film, and a transparent electrode substrate 
and a liquid crystal display device using the same, and more particularly to a multilayered conductive f flm having a high 
5 storage stability, and a transparent electrode substrate and a liquid crystal display device, using such a nnultilayered 
conductive film. 

All electrode substrate having a transparent electrode film or a light-reflecting electrode film formed on a substrate 
such as glass or plastic film is widely used as a displaying electrode for various display devices such as liquid aystal 
display devices. arKi as an input-output electrode for directly inputting power thereinto from the display image screen. 

10 For exanrple, a transparent electrode substrate has a glass substrate, and a color filter layer which is formed at the 
pixel sites, and colors each light transmitted through each pixel in red, green and blue. At the sites (inter-pixel sites) 
between the pixels, a light-shielding film is formed which prevents the light fronn transmitting through these Inter-pixel 
sites. On the entire surface of the color filter layer, a protective film is tbmied, and a transparent electrode is formed on 
the protective film. An aientatiOT film is formed on the transparent electrode. The transparent electrode is made of an 

15 electrically conductive transparent film which Is formed by sputtering technique and is etctied into the predetermined 
electrode pattern. 

As the transparent conductive film, a thin film of ITO, indium oxide added with tin oxide, is widely utilized because 
of its high electrical conductivity. It has a resistivity of about 2.4 x 10*^ n •cm, and exhibits a sheet resistance of about 
10 O/square when it has a thickness of about 240 nm, a thickness which is usually applied as a transparent electrode. 
20 In addition to the ITD film, thin films of tin oxide, of tin oxide added with antimony oxide (NESA f flm), and of zinc 
oxide added with antimony oxide are known. However, these films are inferior to the ITO f Bm in conductivity, and have 
an insufficient resistance to chemicals such as acids and alkalis, and an insufficient water or moisture resistance. 
Therefore^ these films are not widely used. 

Recently, the above-mentioned display devices and input-output devices have been required of dsplaying fine 
25 images by increasing the density of pixels Thus, it is required that the transparent electrode pattern have a high density. 
For exanple. it is required that the terminals of the transparent electrode be fbmried at a pitch of about 1 00 nm. Further, 
in the system (GOG) In which an integrated circuit (IC) is directly connected to the substrate, the wiring sometimes has 
fine portions having a width of 20 to 50 um. and thus it is required that the ^ectrode material have so high etcNng proc- 
f essabiiity and so high conductivity (low resistivity) that have not been required in the past The ITO material can not 
1 30 meet these requirements. 

i On the other hand, a larger display screen is required. It is necessary to use. as the trartsparent electrode, a trans- 

I parent conductive film having a high conductivity such that it exhibits a sheet resistance of 5 O/square, in order that a 
transparent electrode of fine pattern as mentioned above can be formed and a sufficient driving voltage is applied to the 
\ liquid crystal. In addition, a sheet resistance as low as 3 n/square or less is required when a multi-gradation display of 
$5 1 6 or more gradations is effected in a fiquid crystal cfisplay device of a simple matrix driving system, utilizing, for exam- 
pie, an STN mode liquid crystal materials. The ITO material can not meet these requirements, either. 

Meanwhile, silver has the highest conductivity among metals, and ensures a sufficient transparency arid a sufficient 
conductivity even wvhen formed into a thin film. For example, at a ttiickness of 5 to 30 nm. silver exhibits a transparency 
sufficient to transmit visible light, and a sheet resistance of about 2 to 5 n/square. Accordingly, silver is a promising 
40 material as a conductive material which meets the low resistivity requirements mentioned above. 

However, silver is damaged in about one week when allowed to stand at room temperature in air. I^ore specifically, 
silver reacts witii sulfur compounds and water present in air to form the sulfkJe and tiie oxide on its surface, and is ttius 
deteriorated. For these reasons, silver is not commonly used as a light-reflecting electrode in a reflective type Ifcjuid 
crystal display device, or a light-reflecting sttostrate. eitiier. although silver may have a reflectivity higher tfian aluminum 
45 and may establish a high conti-ast display on tine screei. 

A transparent conductive film of a tfiree-layered structure in which an ITO tfiin layer or an indium oxide (iO) ttiin 
layer is formed on each surface of a silver thin layer has been proposed in Published Unexamined Japanese Patent 
Application (Kokai) Nos. 63-173395, 1-12663 and 2-37326, and The 7th \CVM held in Japan, 1982. This ti1ree^ayered 
transparent conductive film has a low sheet resistance of about 5 n/square. and has been hoped for tiie application to 
so the tran^arent electrode. 

However, even in this conductive film of three-lay^ed structure, tiie silver tiiin layer reacts with ttie water entering 
at the internees between the layers to fbrni tiie oxide on its surface, creating stain-like defects which lead to display 
insufficiency on tfie screen when ttie film is applied as tiie transparent electrode in a liquid aystal display device, for 
- exampi . 

55 Accordingly, it is an object of the present invention to provide a conductive film which exhibits a good electrical con- 
ductivity even when formed into a tiiin layer, and which is high in a storage stability, with suppressed deterioration with 
time. 

A furttier object of tiie invention is to provide a ti-ansparent eledrode substrate and a liquid aystal display device 
having such a conductive f ilm. 
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These and other objects which may become apparent from the following detailed description have been achieved 
according to the present invention by a multilayered conductive film conrtprising a silver-based layer formed of a silver- 
based metallic material and having first and second surfaces; a first transparent oxide layer provided on the first surface 
of the silver-based layer; and a second transparent oxide layer provided on the second surface of the silver-based layer; 
5 the first and second transparent oxide layers being independently formed of a compound oxide material of indium oxide, 
a primary oxide, with at least one secondary metal oxide whose metallic element has substantially no solid solubility in 
silver. 

Further, according to the present invention, there is provided a transparent electrode substrate having a multilay- 
ered conductive film of the invention, which is transparent formed on a transparent substrate. 
JO Further, according to the present invention, there is provided a liquid crystal display device comprising an observer- 
side electrode sutDStrate, a rear-side electrode substrate arranged opposite to the observer-side electrode substrate, 
and a liquid crystal material sealed between these electrode substrates, at least one of the electrode substrates being 
constituted by the transparent electrode substrate of the Invention. 

Stilt further, according to the present invention, there is provided a liquid crystal display device comprising an 
15 obsen/er-side electrode substrate provided with a transparent dectrode, a rear-side electrode substiate provided with 
a light-reflecting electrode and arranged opposite to the obsaver-side electrode substrate, and a liquid crystal material 
sealed between these electrode substrates, the light-reflecting electrode being constituted by the multilayered conduc- 
tive film, which is ligftt-reflecting, acceding to the invention. 

This invention can be rrtore fully understood from the following detailed desaiption when taken in conjunction with 
20 the accompanying drawings, in which: 

FIG. 1 shows a aoss-sectional view of a multilayered conductive film of the present invention which is formed on a 
substrate; 

FIG. 2 shows a cross-sectional view of a multilayered conductive film of the present invention which is protected by 
25 a protective film; 

FIG. 3 shows a transparent type liquid crystal display device to which a multitayered conductive film of the present 
invention may be applied: 

FIG. 4 shows a reflective type liquid crystal display device to which a multilayered conductive film of the present 
invention may be applied; 

30 FIGS. 5 and 6 are graphs showing the relationship of the thickness of a silver-based layer in a multilayered conduc- 
tive film of the invention with the transmittance and rdlectance of the multilayered conductive film; 
FIG. 7 is another graph showing the relationsh^ d the thickness off a silver-based layer in a multilayered conductive 
film of the invention with the transmittance and reflectance of the multilay^ed conductive film; 
FIG. 8 is a graph showing the relationship of the amount of copper added to the silver-based layer with the trans- 

35 mittance of the multilayered conductive f Qm; 

FIG. 9 is a graph showing the relationship of the amount of copper added to the silver-based layer with the sheet 
resistance of the multilayered conductive f flm; 

FIG. 10 is a graph showing the relationship of the refractive index of the transparent oxide layer with the transmit- 
tance and the reflectance of the multilayered conductive film; 
40 FIG. 1 1 is a graph showing the transmittance of the multilayered conductive film fabricated in an Exanple of the 
invention; 

FIG. 1 2 is a graph showing the transmittance of the multilayered conductive film fabricated in another Example of 
the invention; and 

FIG. 1 3 is a grap^ showing tiie relationship of the amount or concentration of copper added to the silver-based layer 
45 with the transmittance of the multilayered conductive film. 

The present inventors have made extensive studies to develop a multilayered conductive film which exhibits a good 
electrical corxluctivity even when it is formed into a tiiin film, and which has a high storage stability without deterioration 
over a long period of time. As a result, they have found that when a conpound oxide material of indium oxide with 

50 cerium oxide, titanium oxide, or the like is used as a transparent oxide layer which is formed on each surface of a silver- 
based layer, instead of an ITO or lO layer, the resultant multilayered conductive film has a very high stability and nrwis- 
ture resistance. Based on tiiese findings, the present inventors have finally found out that by applying, on a silver-based 
film, a compound oxide material of indium oxide (a primary oxide) with at least one secondary metal oxide whose metal- 
lic element has substantially no solid solubility in silver, as a transparent oxide layer, the objects of the invention can be 

55 achieved. 

The present invention will be described in detail below with reference to the accompanying drawings. 
FIG. 1 shows a cross-sectional view illustrating a multilayered conductive film of tiiree-layered structure according 
to tfie invention. 
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The multilayered conductive film 10 shown is constituted by a silver-t>as€d thin layer 1 1 formed of a silver-based 
meta0ic material, a first transparent oxide thin layer 12 provided on a first surface (rear surface) of the silver-based thin 
layer 1 1 , and a second transparent oxide thin layer 13 provided on a second surface (front surface) of the silver-based 
thin layer 1 1 . The multilayered conductive film 10 is provided on a substrate SUB. 

Both the first and second transparent oxide thin layers 12 and 13 are formed of a compound oxide material of a 
primary metal oxide of indium oxide with a secondary metal oxide or oxides whose metallic elements have substantially 
no solid solubility in silver. The first and second transparent oxide thin layers 1 2 and 1 3 may not be necessarily formed 
of the identical compound oxide material, but it is very convenient in the manufacture thereof to form them from the 
same compound oxide material . 

In the present inventioa the metallic element which has sitostantially no solid solubility in silver refers to a metallic 
element which forms solid solubility in silver, in an anraunt of no more than 10 atomic percent at room temperature 
(25*C). Such a metallic element includes a high melting point transition metal such as titanium (Ti). zirconium (Zr), tan- 
talum (Ta) or niobium (1^). a lanthanide element such as cerium (Ce). a semi-metal such as bismuth (BQ. germanium 
(Ge) or silicon (Si), and chromium (Cr). These metallic elements may be utilized singly or in comtMnation of two or more 
of these. 

Although the present invention should not be bound by any theory, it Is believed that when indium oxide added with 
the secondary metal oxide whose metallic element has substantially no solid solubility in silver is applied on each sur- 
face of the silver-based thin layer 1 1 . the formation of solid solution of the silver in the silver-based thin layer 1 1 with the 
indium element can be prevented, and the ntigration of the silver to the both transparent oxide layers 1 2 and 1 3 can be 
inhittted, thereby increasing the stability with time and the nrwtsture resistance of the multilayered conductive f flm 

The amount of the secondary metal oxide in the transparent oxide thin layer 12 or 13 is preferably such that the 
metaDic portion thereof, i.e.. the metallic element which has substantially no solid solubility in silver, occupies 5 atomic 
perc^ or more of the total atomic amount of the indium portion of the primary metal oxide and the metallic element of 
the secondary metal oxide. If the amount of the metallic element having substantially rra solid solubility in silver is less 
than 5 atonic percent, the addition effect of the secondary metal oxide tends to be insufficient The amount of the nr^- 
lic element having substantially no solid solubility in silver is more preferably 10 atomic percent or more of the total 
atomic amount with the indium element 

On the other hand, the amount of the secondary metal oxide is preferably such that the metallic portion thereof, i.e. . 
the metallic element which has substantially no solid solubility in silver, occupies 50 atomic percent or less of the total 
atomic amount of the indium element of the primary metal oxide material and the metanic element of the secondary 
metal oxide. If the amount of the metallic element having substantially no solid solubility in silver is more than 50 atomic 
perc^ the resultant oxide thin layer tends to be lowered in adhesivity with the silver-based thin layer 1 1 . In addition. H 
the metallic element of the secondary metal oxide is present in such a large amoint a target used for the film formation 
thereof becomes difficult to process, and tends to cracK and the film formation rate tends to be lowered, as wBI be 
explained later. The amount of the metallic element having substantially no solid soliA}iiity in silver is more preferably 
40 atomic percent or less, and most preferably 30 atomic percent or less of the total atomic amount with the indium ele- 

'"^"each 01 the first and second transparent oxide thin layers 12 and 13 preferably has a thickness of 30 to 100 nm. If 
the thickness exceecte 100 nm. the reflected light at the surface of the oxide thin layer and the reflected light at the sur- 
face of the silver-based thin layer 1 1 tend to interfere with each other, creating color. 

The silver-based thin layer 1 1 preferably contains a different element which prevents the silver migration in order to 
prevent the silver from migrating, though it may be formed of silver ak^e. Examples of such a different element include 
aluminum (AO, copper (Cu). nickel (Ni). cadmium (Cd). gold (Au). zinc (Zn). magnesium (Mg), tin (Sn), indium (In), tita- 
nium (Tl). zirconium (Zr). c^lum (Ce). silicon (Si), lead (Pb). and palladium (Pd). Of these elements, alumirujm, copper, 
nickel, cadmium, gold, zinc and magnesium also have an effect of increasing the conductivity, while tin. indium, tita- 
nium, zirconium, cerium and silicon also have an effect of increasing adhesivity with the oxide thin layers 12 and 13. 
Gold is most preferred because it contributes to the stabilization of the silver-based thin layer 1 1 . 

Such a different el^ent is contained in the silver-based thin layer 11 preferably in an amount of 0.1 to 3 atomic 
percent. If the amount is less than 0.1 atomic percent the effect of preventing the silver migration tends to be insuffi- 
cient while the amount exceeds 3 atomic percent the silver-based thin layer 1 1 tends to be lowered in electrical con- 
ductivity. In fjarticular. gold tends to leave an etching residue when the amount exceeds 3 atomic percent. Gold is 
contained more preferably ri an amount of 2.5 atomic percent or less. 

The sflver-based thin layer 1 1 preferably has a thickness of 2 nm or more, in order to ensure a satsfactory conduc- 
tivity. In addition, a suitable thickness of the silver-base thin layer 1 1 also varies depending on whether the multilayered 
conductive film 10 is usaJ as a transparent electrode a as a light-retftecting electrode. 

FIGS. 5 and 6 show the changes in the reflectance R and transmittance T of a multilayered conductive film wh^ 
the thickness of a silver-based thin layer 1 1 was changed in the multilayered conductive film formed on a glass sub- 
strate (refractive index n of 1 .5) as the substrate SUB. The conductive film was constituted by the silver-based thin fayer 
1 1 . and the transparent oxide thin layers 1 2 and 1 3 sandwiching the silver-based thin layer 1 1 and each having a refrac- 


4 


EP0 733 931 A2 

tive index n of 2.3 and a thickness of 40 nm. FIG. 5 shows the results when the thickness of the sflver-based thin layer 
1 1 is 10 nm {curve a). 15 nm (curve b). 20 nm (curve c), or 50 nm (curve d), while FIG. 6 shows the results when the 
thickness of the silver-based thin layer 1 lis 50 nm (curve d), 75 nm (curve e), 100 nm (curve f). or 200 nm (curve g). 
In FIGS. 5 and 6. the symbol T in the brackets put adjacent to the curve<Jesignating mark represents the transmittance, 

5 while the symbol R In the brackets put adjacent to the curve-designating mark represents the reflectance. 

As can be seen from FIG. 5. when the thickness of the silva--based thin layer 11 is 20 nm or less, the multilayered 
conductive film behaves mainly in light transmitting mode, exhibiting a transmittance of about 80% or more. Further, as 
can be seen from FIG. 6, when the thickness of the silver-based thin layer 11 is 50 nm or more, the multilayered con- 
ductive film behaves mainly in light-rdlecting mode, exhibiting a reflectance of about 80% or more. In particular, when 

10 the thickness of the silver-based thin layer 11 is 75 nm or more, the reflectance of the multilayered conductive f3m is 
saturated, exhibiting a transmittance of about 0%, and the reflectance is completely saturated when the thickness is 200 
nm. 

Returning to FIG. 1 , the nrultilayered conductive film 1 0 of the present invention can be prepared on a suitable sub- 
strate SUB by using a suitable deposition technique such as vapor deposition, sputtering, ion plating or ttie like tech- 
75 nKiue. 

In particular, the transparent oxide thin layers 1 2 and 1 3 are formed preferably by sputtering technique, more pref- 
erably by a direct cun-ent sputtering technique such as DC-sputtering or RF-DC sputtering, especially in the case where 
the silver-based thin layer 1 1 already exists when the transparent oxide thin layer is to be formed. High frequency sput- 
tering technique undesirably heats the substrate SUB, causing the migration of the silver contained in the silver-based 
20 thin layer 1 1 to cause the silver-based thin layer 11 to be deformed into spherical form (silver a^lomeration). It also 
generates oxygen plasma, also leading to the silver migration accompanied by the agglomeration of the silver-based 
thin layer 11. 

Especially in the case where the silver-based thin layer 1 1 exists, the temperature of the substrate SUB is prefera- 
bly set at a temperature as low as possible, nfx>re preferably at 180*C or less, and most preferably at 120°C or less, In 
25 order to prevent the silver in the silver-based tfiin layer from migrating. The temperature may be room temperature. 

The sputtering apparatus used is preferably freed of moisture within its interior, in order to prevent the migration of 
silver contained in the silver-based thin layer 1 1 . 

Before preparing the multilayered conductive film 10 on the substrate SUB. the sut>strate SUB is cleaned. This 
cleaning may be effected by ion bombardment, reverse sputtering, ashing. UV cleaning, glow discharge treatment or 
30 the like technique, depending on the material which forms the substrate SUB. 

The target used for depositing the transparent oxide thin layers 12 and 13 by sputtering technique or the Oke may 
be prepared by mixing powder of the primary metal oxide, i.e., indium oxkJe, with powder of the secondary metal oxide, 
i.e.. the oxide of the metallic element having siAstantlally no solid solubility in silver, and adding ttiereto a binder such 
as paraffin, a dispersing agent and a solvent (usuaDy. water) as desired. The resultant mixed oxide powders are mixed 
35 and pulverized in a pulverizing and mixing apparatus, preferably until the mixed oxide powders have a partide size of 2 
5m or less, usually for 10 to 40 hours. The resultant fine powdery n^xture is shaped or fbmned, preferably under a pres- 
sure of 50 to 200 kg/cm^, which is then taked in an oxygen atnosphere. By the baking, unwanted conrponents such as 
the binder and the dispersing agent are renrwved, and a dense sintered product can be obtained. The baking tempera- 
ture is preferably 1 ,000*C or more, in order to obtain a more dense sintered product. The baking tenperature is nnore 
40 preferably 1 .200 to 1 ,800°C. When the baking temperature exceeds 1 ,800"C, the secondary metal axaJe melts, tending 
to cause an undesired reaction with the silver-based ttiin layer 1 1 , ttuis lowering the conductivity of the multilayered con- 
ductive f Dm and the transmissivity of the transparent oxide thin layer. 

The compound oxide target thus obtained ray be ground by a grinder, or cut by a diantond cutter, if its shape is 
inappropriate. 

45 The composition of the compound oxide target is set at the same composition of the desired transparent oxide thin 
layer 1 2, 1 3 to be formed. In other words, the transparent oxide thin layer of the same composition as that of the target 
can be obtained. A small amount of an oxide of an element such as tin. magnesium, zinc, gallium, aluminum, silicon, 
germanium, antimony, bismuth or titanium may be added to the target to adjust the conductivity, density, and strength 
of the target These adcftives may be introduced into the transparent oxide thin layer 12. 13 formed, and are thus added 

so in a small amount not to adversely affect the transparent oxide thin layers 1 2 and 13. 

The silver-based tWn layer 1 1 is preferably prepared by direct sputtering technique, because the direct sputtering 
ensures a high film formation rate, and can be effected in the same apparatus used for forming the transparent oxide 
thin layers 12 and 13, which allows a continuous film formation. 

The target used to depositing the silver-based thin layer 11 by sputtering technique is a target fomned of silver 

55 alone, or a target containing silver and the different element which prevents the silver migration as explained eariier. The 
target containing silver and ttne different element is preferably in the form of an alloy of silver with the different element, 
ttiough the different element may be in the fbnm of chips embedded in silver. Again, the composition of the silver-based 
target is the same as tfiat of the deared silver-based thin layer 1 1 to t)e formed. 
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Under the condition mentioned above, the transparent oxide thin layer 12, the sflver-based thin layer 1 1 and the 
transparent oxide thin layer 13 are sequentially formed on the sut)strate SUB. The resultant muttilayered film is prefer- 
ably subjected to an annealing treatment at a temperature of 200*'C or more. The annealing treatment increases the 
conductivity of the multilayered film. 

5 The transparent oxide thin layers 12 and 13 and the silver-based thin layer 1 1 can be preferably patterned by an 
etching treatment with a nitric add-based etchant. For example, after the multSayered conductive film 10 of the invention 
Is formed on the sttetrate SUB. a usual resist is coated on the uppermost transparent oxide thin layer 13, and the resist 
film is patterned into a desired pattern, for example, an electrode pattern. The multilayered conductive film can be pat- 
terned into the desired pattern with the three thin layers positionally aligned with each other by etching the portions 

70 exposed from the resist pattern with a nitric add-based etchant. 

As the nitric add-lDased etchant a mixed add of nitric acid added with the other add such as hydrochloric add, sul- 
furic add or acetic add may be used, though nitric add aione may also be used. The etchant is pr^erably a mixed acid 
of sulfuric acid with nitric ackl. Sulfuric acid preferentially etches the transparent oxide thin layers 12 and 13. while nitric 
add preferentially etches the silver-based thin layer 1 1 . In the mixed acid of sulfuric acid with nitric add, it is preferred 

15 that the concentration of sulfuric add be higher than that of nitric acid. By this, the etched amounts of the three thin lay- 
ers become the same, ensuring that the patto'ns of the three thin layers are aligned with each other, although the etch- 
ing rate of the transparent oxide thin layers is different from that of the silver-based than layer. A mixed add of sulfuric 
acid and nitric acid in a weight ratio of 100 : 0.05 to 100 : 5 is preferably used. To the etchant a sulfate salt such as 
ammonium sulfate, amnrwnium peroxysulfate or potassium sulfate, a nitrate salt such as anunonium nitrate or ammo- 

20 nium cerium nitrate, a chloride such as socfium chloride or potassium chloride, an oxidizing agent such as chromium 
oxide, cerium oxide or hydrogen peroxide, and the other additive such as acetic add, selenic add. an alcohol or a sur- 
factant may be added as desired. The etching may be effected at a tenperature of 30**C for 40 to 60 seconds. By this 
etching treatment, an electrode pattern having a fine width portion of a minimum wWth of 20 to 50 ^m can be formed 
with a side-etched width of 0 to 4 jim. without generating disorder of the pattern. 

25 In the case where the multilayered conductive film is etched in this way. it is prefenred that a moisture-resistant 
transparent thin layer be formed to protect the etched sides from deteriorating due to moistura FIG. 2 shows the multi- 
layered conductive fflm of the invention in the form protected with an electrically Insulative. md^re-resistant transpar- 
ent thin layer 21 . In FIG. 2. each multilayered conductive film 10 farmed on the substrate SUB is formed into a stripe 
extending in a direction normal to the plane of the drawing sheet, and the conducive films 1 0. induding the etched sides 

30 thereof, are entirely covered with a moisture-resistant transparent thin layer 21 . 

The protective layer 21 is preferably formed of an oxide of such a metal as silicon, titanium, zirconium or tantalum 
because of its high moisture resistance. Silicon oxide is most preferred. 

The protective layer 21 preferably has a thickness of 20 nm or more in total with the thickness of the transparent 
oxide thin layer 1 3. In addition, the protective layer 21 preferatily has a thickness of 1 00 nm or less in total with the thick- 

35 ness of the transparent oxide thin layer 13. When the total thickness of the protective layer 21 and the transparent oxide 
layer 1 3 exceeds 1 00 nm. the reflected light at the surface of the protective layer 21 and the reflected light at the surface 
of the silver-based thin layer 1 1 interfere with each other, creating cdor The protective layer 21 is usually formed to a 
thickness of 20 to 70 nm. The protective layer 21 can be formed by the same film formation technique as that used for 
forming the transparent oxide thin layers 12 and 13. When the protective layer 21 is formed, the above-mentioned 

40 annealing treatment conducted for improving the conductivity is carried out after the formation of the protective layer 21 . 
The multilayered conductive film according to the present invention may be utilized as a transparent electrode 
and/or light-reflecting electrode for various liqukj aystal display devices. Meanwhile. FIG. 1 also shows a basic struc- 
ture of a transparent electrode sut»strate when the nuittilayered conductive fflm 10 is transparent as expfained below 
with reference to FIGS. 3 and 4. while it also shows a light-reflecting electrode substrate when the multilayered conduc- 

45 tive film 10 Is light-refledive as explained below with reference to FIG, 4. 

FIG. 3 is a schematic cross-sectional view showing an example of transparent type liquid crystal display devices. 
The transparent type liquid crystal display device 30 shown in FIG, 3 has a pair of transparent substrates 31 and 41 
which are arranged opposite to each other and spaced apart from each other at a predetermined distance defined by 
a spacer SP. The transparent substrate 31 is positioned at the observer side, while the transparent substrate 41 is pod- 
so tioned at the rear side. 

On that surface of the observer-side substrate 31 that faces the substrate 41 . a cdor filter layer 32 constituted by a 
group of color filters CF^ - CFn (sometimes hereinafter cdlectively refen-ed to as color filters CF). which cdor the light 
transmitting therethrough in red, green or blue, isfomied. on which a protective layer 33 is formed. Usually at the sites 
(inter-pixel sites) between the pixels, a Hght-shieWing film (not shown) is formed to prevent the light from transmitting 
55 through the inter-pixel sites. On the protective layer 33 . a plurality of stripe-shaped transparent electrodes 34 (in the Rg- 
ure. only one can be seen) are formed spaced apart from each other at a predetermined distance. On the electrodes 
34. an orientation film 35 is formed. An IC chip CH for driving the device is formed on the portion of the electrodes 34 
that extends from the liquid crystal cell on the transparent substrate 31 . 

On the other surface of the transparent substrate 31 , a polarizing film 36 is formed. 
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On that surface of the rear-side substrate 41 that faces the substrate 31. a plurality of stripe-shaped transparent 
electrodes 42i - 42n (sometimes hereinafter collectively referred to as transparent electrodes 42) are formed spaced 
apart from each other at a predetermined distanc , and extertd in a direction nonnal to the direction in which the trans- 
parent electrodes 34 extend. On the transparent electrodes 42, an orientation f Om 43 is formed. 

5 . On the other surface of the transparent substrate 41 , a polarizing film 44 is formed. 

The transparent substrates 31 and 41 are formed of light-transmitting materials. Examples of such materials 
inclLxle a glass substrate, a plastic substrate, and a plastic film (including a polarizing film, a phase differential film, and 
a lens sheet, and also including those having a gas barrier layer or a hard coat layer of a hard syntiietic resin). 

In the space between the substrates 31 and 41 , a liquid crystal material LC is sealed. Any liquid crystal material 

10 may be used depending on tiie operation mode, including nematic liquid crystals, fenroelectric liquid crystals, semi-fer- 
romagnetic liqwd crystals, cholesteric liquid crystals, smectic liquid crystals, and homeotropic liquid crystals, each of 
which may be dispersed in a polymer matrix. The operation mode may be twisted nematic (TN), super-twisted nematic 
(STN), electrically controlled birefringance (ECB), birefringence twisted nematic (BTN). optically compensated bend 
(OCB), or guest-host mode. The liquid crystal material LC preferably has a refractive Index (e.g., 1 .5 to 1 .6) dose to the 

15 refractive index (usually, about 1 .5) of the transparent substrate, at the time of light-transmitting (at the time of turning 
off of tiie voltage in the case of the TN or STN mode of the normally white type). When the liquid crystal material has 
such a refractive index, the light incident upon the liquid crystal material can transmit therethrough wrttrout refracting or 
r^lecting. 

FIG. 4 is a schematic cross-sectional view showing an example of a reflective type liquid crystal display devices. 
20 The rellective type liquid crystal display device 50 shown in FIG. 4 has a pair of electrodes 51 and 61, which are 
anranged opposite to each other and spaced apart from each other at a predetermined distance defined by a spacer 
SP. The substrate 51 is positioned at the obsen/er side and is transparent while tiie substrate 61 is positioned at ttie 
rear side and may be either transparent or non-ti^ansparent. 

On that surface of the observer-side substrate 51 tiiat faces tiie substrate 61. a plurality of stripe-shaped transpar- 
25 ent electrodes 53^ - 53n (sometimes hereinafter collectively refenred to as transparent electrodes 53) are formed 
spaced apart from each ether at a predetermined distance and ttnrough a fight-scattering film 52. On the transparerrt 
electrodes 53, an orientation film 54 is fonned. 

On the other surface of the transparent substrate 51 . a polarizing film 55 is formed, on which a light-scattering f Bm 
56 is fonned. 

30 The transparent s^strate 51 may be formed of tiie same material as the transparent substrates 31 and 41 in the 
liquid crystal display device shown in FIG. 3. 

On that surface of tiie rear-side substrate 61 that faces the substrate 51 . a plurality of stripe-shaped light-reflecting 
electrodes 52 (only one can be seen in tiie Figure) are formed spaced apart from each other at a predetermined dis- 
tance, and extend in a direction normal to tiie cfirection in which tiie transparent electrodes 53 extend. On the electrodes 

35 62, an orientation film 63 is formed. An 10 chip OH for driving tiie deynce is formed on the portion of ttie light-reflecting 
electrode 62 that extends from tiie liqutd crystal celt on the transparent subsb^te 61 . 

The rear-side substrate 61 may be made of ttie same material as tiie transparent substrates 31 and 41 when it is 
transparent, but ttie substrate 61 is preferably rendered non-transparent by inparting irregularities ttier^o. or by form- 
ing a light-scattering layer tiiereon. The light-scattering layer may be formed of a mate-ial in which a tansparent powder 

40 is dispersed in a syntiietic resin, ttie powder having a refractive ir^ex different from tiie refractive index (usually. 1 .3 to 
1.7) of ttie resin. The transparent powder has a particle size corresponding to more than ttie wavelength of the light 
Examples of the transparent powder include particulate resin powder {e.g., microcapsules of afluororesin). and an inor- 
ganic powder such as titanium oxide, zirconium oxide, lead oxide, aluminum oxide, silicon oxide, magnesium oxide, zinc 
oxide, thorium oxide, cerium oxide, calcium fluoride or magnesium fluoride. Cerium oxide, calcium fluoride and magne- 

45 Slum fluoride are particularly preferred. 

In ttie Space between ttie substrates 51 and 61 . a I'quid aystal material LC similar to that described above witti ref- 
erence to the transparent type liquid crystal display device 30 shown in FIG. 3 is sealed. The operation mode may be 
TN. STN, BTN, OCB, or guest-host mode. Likewise, tiie liquid crystal material LC preferably has a refractive index (e.g.. 
1 .5 to 1 ,6) close to the refractive index (usually, about 1 .5) of tiie transparent substrate, at tiie time of light-transmitting 

so (at ttie time of turning off of ttie voltage in tiie case of the TN or STN mode of the normally white type). When the liquid 
aystal material has such a refractive index, the light incident upon tiie liquid crystal material can fransmit theretiirough 
witiiout refracting or reflecting. 

The multilayered conductive film 1 0 of the present invention, which may either be protected or not protected by tiie 
protective layer 21 . can be used as tiie fransparent electrode 34, 42 and/or 53 in any of ttie display devices shown in 

55 FIGS. 3 and 4. In this case, since tiie multilayered conductive film 1 0 must be tt-ansparent tiie silver-based tiiin layer 1 1 
preferably has a tiiickness of 20 nm or less as explained above. 

Since tti color filters OF and the transparent substrate 31 . 41 or 51 have a refractive index of about 1 .5 to 1 .6, ttie 
silver-based thin layer 1 1 more preferably has a thidaiess of 1 7 nm or less, most preferably has a thickness of 4 to 1 7 
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nm in order to render the refractive index of the ntultilayered conductive fOm 10 dose thereto, thereby lowering the 
reflectance and increasing the transmissivity. 

FIG. 7 shows the results of the sinuilation of the transmittance (T) and reflectance (R) of a multilayered conductive 
film having a structure similar to the multilayered conductive film explained with reference to FIG. 5, but wherein the 

5 refractive index of the transparent oxide thin layers 1 2 and 1 3 was 2.3. the thickness of the first transparent oxide thin 
layer 12 was 37 nm, the thidcness of the second transparent oxide thin layer 13 was 37 nm, the thickness of an orien- 
tation film formed thereon was 40 nm. and the refractive index of the liquid crystal was 1 .5. and wherein the thickness 
of the siiver-based thin layer 1 1 was changed. In FIG. 5. curve a relates to the case where the thickness of the silver- 
based thin layer 1 1 was 9 nm. curve b relates to the case where the thickness of the silver-based thin layer 1 1 was 1 1 

10 nm, curve c relates to the case where the thickness of the silver-based thin layer 1 1 was 1 3 nm. curve d relates to the 
case where the thickness of the silver-based thin layer 1 1 was 1 5 nm. and curve e relates to the case where the thick- 
ness of the silver-based thin layer 1 1 was 1 7 nm. In FIG. 7, the symbol T in the brackets put adjacent to the curve-des- 
ignating mark represents the transmittance. while the symbol R in the brackets put adjacent to the curvenjesignating 
mark represents the reflectance. As can be seen from FIG. 7. when the thidoiess of the silver-based thin layer is 1 7 nm 

IS or less, the transmittance Is 90% or more, and the reflectance Is correspondingly low, while the tNckness of the sliver- 
based thin \ayer is more than 1 7 nm. the transmittance is less than 90% at a wavelength of 550 nm. Meanwhile, it is not 
preferred that the thickness of the sitver4>ased thin layer 1 1 is less tfian 4 nm because, in such a case, the silver-t)ased 
layer tends not to become continuous, but to become island-like, when it is formed. 

In addition, it is preferred that the s9ver-based thin layer 1 1 be formed of an alloy of silver with 0.1 to 3 atomic per- 

20 cent of copper and/or goW. By the addition of copper and/or gold in such an amount, the transmissivity at the shorter 
wavelength is Increased. 

FIG. 8 shows the results obtained when a silver thin layer added with 0.1 atomic percent of copper (AgCuo.t), a sil- 
ver thin layer added with 3 atomic percent of copper (AgCua), or a silver thin layer (Ag) was formed, and the transmit- 
tance T of the silver-t>ased thin layers was measured. Each silver-based thin layer fad a thickness of 40 nm As can be 

25 seen from FIG. 8. the addition of 0.1 to 3 atomic percent of copper to silver significantly inaeases the transmissivity at 
the shorter wavelci^v;ith as compared to silver alone. 

FIG. 9 shiows the sheet resistance of silver-based thin layer wherein a varying amount (atomic percent) of copper 
was added to silver. As shown in RG. 9, the sheet resistance increases as the amount or concentration of copper, 
increases- However, when the concentration of copper was 3 atomic percent the silver-copper alloy exhtoited a sheet 

30 resistance of about 5 O/square (□) when the thickness was 10 nm. and a sheet resistance of about 3 ^2/square when 
the thid^ness was 15 nm. indicating that when copper is added in such an amount the electrical conductivity is suffi- 
dent 

SimOar results to those shown in FIG& 8 and 9 were obtained when gold was used instead of copper. 

Further, it is pref wed that the transparent oxide thin layers 1 2 and 1 3 have a refractive index of 2, 1 or more in order 

35 to increase the transmissivity at the tonger wavelength. To have such a high refractive index. It is pretended that an oxide 
of cerium, titanium, zirconium, hafnium and/or tantalum be used as the secondary metal oxide constituting the trans- 
parent oxide thin layers. The oxides of cerium and titanium are particularly preferred as such a secondary metal oxide. 
For example, the refractive indices of transparent oxide thin layers containing 20, 30, and 40 atomic percent of cerium 
are 2.1 7. 2.24. and 2.30. respectively. When the metal atoms in the secondary metal oxide are contained in an anrraunt 

40 Of 1 0 atomic percent or more, the transparent oxide thin layer becomes anrarphous or amorphous-like. Thus, the oxrcie 
thin iay^ can be etched with good precision, and the plane of polarization can be maintained since the thin layer 
becomes optically isotropic. 

FIG. 10 shows the calculated relationships of the refractive index of the transparent oxide thin layer in the multilay- 
ered conductive film of the invention with the transnttlance and the reflectance, wtiere the multilayered conductive f flm 

45 was assumed to contact the I'quid crystal material (assumed to have a refractive index of 1 .5) through a polyimide ori- 
entation film having a ttiickness of 40 nm. In this case, the thickness of the transparent oxide thin layer was optimized. 
Curve a relates to a refractive index of 2.0. curve b related to a refractive index of 2.1 , curve c relates to a refractive 
index of 2.2, curve d relates to a refractive index of 2.3, and curve e relates to a refractive index of 2.4, In FIG. 10. the 
symbol T in the brackets put adjacent to the curve-designating mark represwits the trananittance. while tiie symbol R 

so In the brackets put adjacent to the curve-designating mark represents the reflectance. As can be seen from FIG. 10. 
when the refractive index of tiie transparent oxide thin layer is 2.1 or more, the transnnittance of the multilayered con- 
ductive film is increased, and the reflectance is lowered correspondngly 

When the multilayered conductive film 10 is utilized as a light-reflecting electrode 62 in the reflective type liquid 
crystal display device shown in FIG. 4. the multilayered conductive film 10 is preferred to have a silver-based thin layer 

55 1 1 with a thid^ess of 50 nm or more, as explained atwve. In addition, the silver-based thin layer 1 1 is prefen-ed to have 
a thickness of 200 nm or less as explained with reference to FIG. 6. The other features are tiie same as those explained 
witii reference to FIGS. 1 . 2 and 4. 
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Although the multilayered conductive film of the invention has been described mainly with regard to its application 
to liquid crystal display devices, it should be noted that the multilayered conductive film of the invention can be used as 
a transparent electrode or a light-reflecting electrode for solar cells. 

The present invention will be described below by way of its Examples. 

5 . 

Example 1 

In this Exanrple. a transparent electrode substrate provided with a nrujltilayered conductive film according to the 
invention was fabricated. * 
10 The transparent electrode substrate had the structure as shown in FIG. 1, and was provided with a multilayered 
conductive film 1 0 consisting of a transparent oxide thin layer 1 2 having a thickness of 35 nm. a silver thin layer 1 1 hav- 
ing a thickness of 14 nm and a transparent oxide thin layer 13 having a thickness of 35 nm, which were sequentially 
deposited on a grass sut>strate SUB having a thickness of 0.7 mm. 

Both of the transpar^ oxide thin layers 12 and 13 were formed of a compound oxide material of Indium oxide 
75 (In203) with titanium oxide (TiOg). wherein the amourrt of the titanium oxide was such that the titanium atoms amounted 
to 20 atomic percent of the indium atoms, in tenns of the metallic elements without counting the oxygen atoms. 

The transparent multilayered conductive film was prepared as follows. 

<Preparation of a sputtering target for depositing the transparent oxide thin layers) 

20 

A mixture of indium oxide powder and titanium oxide powder each having an average particle size of about 2 5m in 
the predetermined amounts was added with a small amount of paraffin as a binder, and was pulverized and mixed in a 
wet ball mill for 24 hours. 

The mixed powder was filed in a predetermined mob, and formed into a predetermined shape, which was then 
25 dried to renrtove the water. The molded mass was placed in an electric furnace, and baked in an oxygen atmosphere at 
1550°C for 10 hours to remove the paraffin and sinter the molded mass. The sintered product was ground by a plane 
grinder, and shaped by a diamond cutter. Thus, the desired compound oxide target was obtained. 

^Preparation of a sputtering target for depositing the silver thin layer) 

30 

Silver was molten in a melting furnace in vacuum, cast into a mold cooled with water, and cooled for 3 hours.. The 
resultant cast mass was ground by a plane grinder to shape the edge planes. Thus, the desired silver target was 
obtained. 

35 (Cleaning of the glass substrate) 

The surface of the glass substrate was sequentially cleaned with an alkali surfactant and water. Then, the substrate 
was placed in a vacuum chamber of a DC magnetron sputtering apparatus, htkJ subjected to a plasma treatment called 
reverse sputtering to further clean it 

40 

(Fabrication of the multilayered conductive film) 

Without removirtg the glass sutjstrate from the vacuum chan4)er, and while the substrate was nnaintained at room 
temperature, the transparent oxide thin layer was formed on the glass substrate, using the compound oxide target, then, 
45 the silver thin layer 1 1 was formed, using the silver target, and finally, the transparent oxide thin layer 13 was formed, 
again using the compound oxide target 

Thereafter, a resist film of the predetemnined electrode pattern was formed on the transparent oxide thin layer 13, 
and the portions exposed from the resist film was etched into the electrode pattern at 30**C for about 40 seconds, using 
a mixed acid etchant containing 60.4% by weight of sulfuric acid and 3% by weight of nitric add. The electrode pattern 
so with the deposited three thin layers aligned with each other was obtained. Then, the electrodes were annealed at 220**C 
for an hour. Thus, the transparent nrajltilayered conductive films were obtained. 

The transparent multilayered conductive film thus obtained exhtoited a sheet resistance of about 2.7 O/square. The 
visible light transmittance of the fflm is shown in Table 1 below. 

For comparison, a transparent three-layered conductive film was prepared by using 10 thin layers, instead of the 
55 transparent oxide thin layers 1 2 and 1 3. The visible light transmittance of the film is shown also in Table 1 . 

The transparent electrode substrate of the invention obtained above was stored in air for 8 weeks. No changes in 
the outer appearance of the multilayered conductive film 10 were observed. In contrast, in the three-layered conductive 
film vrtierein 10 thin layers were applied instead of the transparent thin layers noted above, many stains appeared after 
storage in air for 2 weeks. 
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As desCTibed above, it was confirmed that the transparent multilayered conductive fHm prepared in this Example 
has a high visible light transmittance at the longer wavelength, a high and uniform transmittance over the entire visible 
regions, a very high conductivity, and superior moisture resistance, as compared to the prior art three-layered film. 

Example 2 . 

In this Example, a transparent electrode substrate was fabricated in the same manner as in Example 1 , except that 
the transparent oxide tNn layers 12 and 13 were formed of a compound oxide material of indium oxide with titanium 
oxide and cerium oxide (CeOa). The amount of the titanium oxide was such that the titanium atoms amounted to 16 
atomic percent of the indium atoms, and the amount of the cerium oxide was such that the cerium atoms amounted to 
4 atomic percent of the indium atoms. In terms of the metallic elements without counting the oxygen atoms. 

The obtained transparent multilayered conductive film exhibited a sheet resistance of about 2.7 n/square. The vis- 
ible light transmittance of it is shown also shown In Table 1 below. 

The transparent electrode substrate thus obtained above was stored in air for 8 weeks. No changes in the outer 
appearance of the multilayered conductive f am 1 0 were observed. 


Table 1 


Visa^le Light Transmittance (%} 


Wavelength 


450 nm 

500 nm 

550 nm 

600 nm 

650 nm 

700 nm 

Exanple 1 

95.4 

97.5 

95.8 

93.0 

89.5 

81.0 

Example 2 

95.3 

97.4 

95.5 

93.1 

89.7 

81.4 

Comparative Example 

96.2 

97.0 

95.1 

90.4 

82.9 

73.7 


Example 3 

A transparent multilayered conductive film was formed on a glass substrate in the same manner as in Exanrple 1 , 
except that the transparent oxide thin layer 12 and 13 each had a thickness of 39 nm. without dianging the composi- 
tions thereof, and the silver-based thin layer was formed of a silver-copper alloy containing 0.4 atomic po'cent of copper. 
The multilayered fflm was then annealed at 270*C for an hour. 

The transparent muttiiayered conductive fflm thus obtained exhibited a sheet resistance of about 2.8 n/square. The 
visible light transmittance thereof is shown in Table 2 below. 


Table 2 


Vistole Light Transmittance (%) 


Wavelength 


400 nm 

450 nm 

500 nm 

550 nm 

600 nm 

650 nm 

700 nm 

Example 3 

81.9 

93.9 

97.0 

97.5 

95.6 

92.6 

85.8 


As described above, it was confirmed that the transparent multilayered conductive film prepared in this Example 
has a high visible light transmittance at the short©- wavelength, a uniform transmissivity wer the entire visible regions, 
a very high conductivity, and superior moisture resistance- 
Example 4 

In this Example, a transparent electrode substrate having a multilayered conductive film of tfie invention was fabri- 
cated. . 

The transpar^ electrode substrate had tiie stmcture as shown in FIG. 1. and was provided witii a multilayered 
conductive film 10 cor«isting of a transparent oxide ttiin layer 12 having thickness of 39 nm. a silver alloy thin layer 1 1 
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having a thickness of 10 nm and a transparent oxide thin layer 13 having thickness of 39 nm. which were sequentially 
deposited on a grass substrate SUB having a thickness of 0.7 mm. 

Both of the transparent oxide thin layers 1 2 and 1 3 were formed of a conpound oxide material of indium oxide with 
titanium oxkJe and cerium oxide. The amount of the titanium oxide was such that the titanium atoms anrraunted to 19 

5 . atomic percent of the indium atoms, ard the amount of the cerium oxide was such that the cerium atonrrs amounted to 
1 atomic percent of the indium atoms, in terms of the metallic elements without counting the oxygen atoms. The silver 
alloy thin layer 1 1 was formed of a silver-copper alloy containing 0.3 atomic percent of copper. 

The transparent multilayered conductive film 10 was prepared in a manner similar to Example 1, and exhibited a 
sheet resistance of about 4.6 n/square after annealed at 270'*C for an hour. The visible light transmittance of the film 

10 was measured. The film showed a transmittance as high as 90% or more over the entire vistole region, and was con- 
firmed to have a remarkably inproved transmittance both at the shorter wavelength of 500 nm or less, and at the longer 
wavelength of 550 nm or more. 

Example 5 

15 

In this Exanrple. a transparent electrode substrate having a multilayered conductive f flm of the invention was fabri- 
cated. 

The transparent electrode subdrate had the structure as shown in FIG. 1. and was provided with a multilayered 
conductive film 1 0 consisting of a transparent oxide thin layer 1 2 having thickness of 33 nm. a silver-based thin layer 1 1 
so having a thickness of 15 nm and a transparent oxide thin layer 13 having thickness of 34 nm which were sequentially 
deposited on a grass substrate SUB having a thickness of 0.7 nrvn. 

Both of the transparent oxide thin layers 1 2 and 13 were formed of a compound oxide mata-ial of indium oxide with 
titanium oxide and cerium oxide. The amount of the cerium oxide was such that the cerium atoms amounted to 30 
atomic percent of the indium atoms, in temris of the metallic elements without counting the oxygen atoms. The silver- 
25 based thin layer 1 1 was formed of a silver-gold alloy containing 1 .0 atonrtic percent of gold. 

The transparent nrujltilayered conductive film 10 was prepared in a manner similar to Example 1, and annealed at 
270**C for an hour. 

The transparent multilayered conductive film 1 0 exhibited a sheet resistance of about 2.9 n/square. The visible light 
transmittance of the f 3m is shown In FIG. 1 1 . 
30 The patterned transparent multilayered conductive film thus obtained was stored under the conditions of a temper- 
ature of 60°C and a relative humidity of 90% for 500 hours. No changes in the outer appearance of the film were 
observed. The transparent oxide thin layers was found to have a refractive index of 2.24. 

Exanple 6 

35 

' Transparent multilayered conductive films were fabricated on glass substrates SUB in the same manner as in 
Example 5, except that tine amount of gold in ttie silver-gold alloy constituting tiie silver-based tiiin layer was changed 
from 0.1 to 4 atomic percent. The sheet resistance and the transmittance at 610 nm of tiie conductive films is shown in 
Table 3 below. The sheet resistance and ttie transmittance were measured after annealing the films at 220^*0 for an 
40 hour. 


Tables 



Amount of Gold (atomic %) 


0.1 

0.2 

0.4 

0.8 

1.5 

2.5 

4.0 

0 

Sheet Resistance (O/a) 

2.81 

2.83 

2.82 

2.85 

3.28 

4.13 

4.94 

2.81 

Transmittance (%) (at 610 nm) 

93.0 

92.8 

92.5 

92.5 

92.4 

90.7 

89.2 

92.6 


so 

As shown in Table 3, even tiie transparent multilayered conductive f flm having a silver-based thin layer formed of a 
silver-gold alloy containing 4 atomic percent of gold exhibited a sheet resistance as low as 4.9 n/square. All tiie con- 
ductive films had a transmittance of 90% or more at a wavelengtti of 545 nm (green). The conductive film having a sil- 
£5 ver-t>ased thin layer containing 4 atomic percent of gold exhibited slightly lowered transmittance of 89% at a wavelength 
of 610 nm (red). In view of tiie transmittance. too. tiie gold addition of more tiian 4 atomic percent is not preferred. 

The ti^nsparent nmjttilayered conductive f ilnts tiius obtained were stored under the conditions of a temperature of 
60**C and a relative humidity of 90%. After storage for 200 hours, no changes in tiie outer appearances of all tiie films 
were observed, with no stains. After storage for 500 hours, no changes in tiie outer appearances of tiie films tiiat con- 
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tained 0.4 atomic percent or more of gold in the silver-based thin layer, but very fine stains appeared in the conductive 
films that contained 0.1 atomic percent and 0.2 atomic percent of gold in the silver-based thin layers. However, alt the 
conductive films were excellent in the storage stability, as compared to con^esponding multilayered conductive films 
containing copper instead of gold in the silver alloy thin layers. 

5 

Example? 

In this Example, a transparent electrode substrate having a multilayered conductive film of the invention was fabri- 
cated. 

10 . The transparent electrode sut>strate bad the structure as shown in FIG. 1, and was provided with a multilayered 
conductive film 10 consisting of a transparent oxide thin layer 1 2 having thickness of 39 nm. a silver-based thin layer 1 1 
having a thickness of 15 nm and a transparent oxide thin layer 13 having thickness of 40 nm which were sequentially 
deposited on a grass substrate SUB having a thickness of 0.7 mm. 

Both of the transparent oxide thin layers 12 and 13 were formed of a compound oxide material of indium oxide with 
15 cerium oxide, tin oxide and titanium oxide. The conpound oxide material contained 66 atomic percent of indium, 32.5 
atomic percent of cerium. 1 .0 atomic percent of tin and 0.5 atomic percent of titanium, in tenms of the metallic elements 
without counting the oxygen atonre. The silver-based thin layer 1 1 was formed of a silver-gold-copper ternary alloy con- 
taining 98.4 atomic percent of silver, 0.8 atomic percent of gold and 0.8 atomic percent of copper. 

The transparent multilayered conductive film 10 exhibited a sheet resistance of about 2.8 n/square after annealed 
20 at 220*'C for an hour. The transmittance of the film at 550 nm was about 97%. 

The transparent multilayered conductive film was stored under the conditions of a tenperature of eo^'C and a rela- 
tive hunr)kiity of 95% for 200 hours. It still exhibited good outer appearance with no stains. 

Multilayered conductive films whose silver-t>ased thin layers are fonned of sitver-goki-copper ternary alloys tend to 
exhbit lower sheet resistivities and improved moisture resistances, as conpared to the corresponding multilayered con- 
25 ductive f ims whose silver-based thin layers are formed of silver-copper binary alloy containing copper in an amount cor- 
responding to the total amount of gold and copper in the ternary alloys. Further, since gokj is 100 times higher in cost 
than silver, the addition of copper may reduce tiie amount of gold to lower tiie entire cost. 

Exanple 8 

30 

In tiiis Exanple. a transparent electrode substrate having a multilayered conductive film of the invention was fabri- 
cated. 

The transparent electrode substrate had tiie structure as shown in FIG. 2. and was provided with a plurality of mul- 
tilayered conductive films 1 0 each consisting of a transparent oxide tiiin layer 1 2 having thickness of 40 nm, a silver thin 
35 layer 1 1 having a tiiickness of 1 4 nm and a transparent oxkle tfiin layer 1 3 having thickness of 40 nm which were aligned 
witii each otiier and sequerrtiafly deposited on a grass substrate SUB having a thickness of 0.7 mm. Alt the multilayered 
conductive films 10 were uniformly covered with an electrically insulative. moisture-resistant transparent film 21 having 
a thickness of 40 nm. 

Both of the transparent oxide thin layers 12 and 1 3 were formed of a compound oxide material of indium oxide with 
40 cerium oxide. The amount of the cerium oxkJe was such that tiie cerium atoms were contained in an amount of 10 
atomic percent In the conpound oxide material, in terms of the metallic elements without counting the oxygen atoms. 
The transparent film 21 was formed of silicon oxide (SiOa). The transparent multilayered conductive films (transparent 
electrodes) 10 had a stripe shape with a width of 200 jim. and were arranged at a pitch of 210 ^im witii a distance of 10 
Jim. 

45 The tiransparent electrode substrate was prepared in a manner similar to that in Example 1 by sequentially forming 
the tiransparent oxide tiiin layer 12, ttie silver thin layer 1 1 and the transparent thin layer 13 on a glass substrate SUB, 
etching the obtained three-layered structure into tiie stripe pattern, forming tiie moisture-resistant transparent film 21 
and annealing the sti-ucture at 200°C for 30 minutes. Each transparent electrode had a fine width portion with a width 
of 20 nm or less. 

^ The transparent electrodes thus obtained exhibited a sheet resistance of about 2.8 n/square. 

The transparent eledrode substi-ate was stored in air for one month. No changes in tiie outer appearances of tiie 
electrodes were observed. 

For conparison, a silver thin layer was formed on a glass sukistrate, which was then stored in air for one month. 
Then, the surface of ttie silver layer was changed in color, and many stains were observed. 
55 As descrit)ed above, according to the present inverrtion. deterioration with time of the silver-based thin layer is pre- 
vented, and the storage stability is increased. Therefore, a liquid crystal display device, for example, can be stably fab- 
ricated., witiiout creating display defects caused by sulfur compound and moisfajre in air. 
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Example 9 

In this Exanple, a transparent type liquid crystal display device as shown in FIG. 3 was fabricated. The transparent 
electrodes 42^ to 42n each had a stripe shape with a width of 100 ^m. and arranged at a pitch of 1 10 jim. The trans- 
5 parent electrodes 34 had a stripe shape with a width of 320 The electrodes 34 were arranged at a pitch of 330 jim. 
and extended on the color filters CF in a direction normal to the direction in which the transparent electrodes 42 
extended. Each transparent electrode had a fine width portion with a width of 20 nm or less. 

The transparent electrodes 34 and 42 were each comprised of the transparent oxide thin layer 12 having a thick- 
ness of 38 nm, the silver-based thin layer 1 1 having a thickness of 14 nm and the transparent oxide thin layer 13 having 
JO a thickness of 41 nm. 

The transparent oxide thin layers 12 and 13 had a refractive index of 2.2. and were each formed of a conpound 
oxide material of indium oxide with cerium oxide, in which the amount of the cerium oxide was such that the cerium 
atoms amounted to 25 atomic percent, in terms of the metallic elements without counting the oxygen atoms. The silver- 
based thin layer 11 was formed of a silver-copper alloy containing 0.8 atomic percent of copper. 

75 These transparent electrodes 34 and 42 were prepared and etched as in Exanrple 1 . and annealed at 220*'C for an 
hour before fabricated into a liquid crystal cell. The electrodes exhibited a sheet resistance of about 3 n/square. 

For comparison, a liquid crystal display device was fabricated in the same manner as above, except that ITD thin 
layers (refractivity: about 2) were used, instead of the transparent oxide layers 12 and 13. The display device of the 
Invention was found to be brighter by 10% than the comparative display device, and have better display quality. 

20 No deterioration with time was observed in the display device of the invention, which could be driven with less 
cross-talks than a display device having a single ITO layer as a transparent electrode (sheet resistance: 8 n/square). 
establishing a high display quality. 

Exanrple 10 

2$ 

In this Example, a light-reflecting electrode substrate having a muftilayered conductive film of the invention was fab- 
ricated. 

The light-reflecting electrode substrate had the structure as shown in FIG. 1 , and was provided with a light-reflect- 
ing multilayered conductive fim (electrode) 10 consisting of a transparent oxide thin layer 12 having thickness of 10 nm, 
30 a silver-based thin layer 1 1 having a thickness of 1 20 nm and a transparent oxide thin layer 1 3 having a thickness of 70 
nm which were sequentially deposited on a grass substrate SUB having a thickness of 0.7 mm. 

Both of the transparent oxide thin layers 1 2 and 1 3 were formed of a compound oxide material of indium oxide with 
zirconium oxide. The amount of the zirconium oxide was such that the zirconium atonrrs amounted to 20 atomic percent 
of the indium atonts. in temns of the metallic elements without counting the oxygen atoms. The silver-based thin layer 
35 1 1 was fonned of a silver-copper alloy containing 1 atonic percent of goW. 

The transparent multilayered conductive film 1 0 was prepared and etched in a manner similar to that in Example 1 , 
and annealed at 220**C for an hour. 

The reflectance of the light-reflecting multilayered conductive film 10, as compared to aluminum, is shown in FIG. 
1 2. wherein the reflectance of aluminum was assumed as 1 00%. 
40 For comparison, a light-reflecting conductive film was prepared as in the same manner as above, except that the 
silver-based thin layer was formed of silver alone. This light-reflecting conductive film showed a reflectance higher than 
aluminum over almost all visible region, but exhibited a low reflectance of about 86% at a shorter wavelength of about 
450 nm. 

In contrast, the light-reflecting conductive film of this Example using the silver-based thin layer added with copper 
45 exhibited a reflectance higher than aluminum even at a shorter wavelength of about 450 nm. as shown in FIG. 12, 
ensuring a uniform and high reflectance over the entire visible region. 

The light-reflecting conductive film of this Example was stored in air for 2 months, and the changes in the light- 
reflecting properties were checked. As a result no changes in the outer appearance of the film, as well as in the reflect- 
ance were observed. 

50 

Example 11 

Light-reflecting conductive films were prepared each on a glass substrate in the same manner as in Example 10. 
except that a compound oxide material of indium oxide with titanium oxide was used for forming the transparent oxkJe 
55 thin layers 12 and 13. anda silver-copper alloy containing various amount of copper was used as the silver- based thin 
layer 1 1 . The anrount of the titanium oxide in each of the transparent oxide layers 12 and 13 was such that the titanium 
atoms amounted to 20 atomic percent of the indium atoms. 

The reflectance at 450 nm of the various light-reflecting conductive films thus obtained was measured, compared 
to that of alunrdnum which was assumed as 100%. The results are shown in FIG. 13. 
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As can be seen from FIGL 13, it was confirmed tl^t the reflectance at a shorter wavelength of 450 nm changes 
depending on the amount of copper, and that about 86% of the aluminum reflectance is obtained with the copper 
amount of 0%. about 97% of the aluminum reflectance is obtained with the copper amount of 0.1 atomic percent and 
the reflectance reaches the maxinujm of about 102% to 104% of the aluminum reflectance with the copper amount of 
5 .1 to 3 atomic percent and is lowered to about 97% of the aluminum reflectance with the amount of copper of 7 atomic 
percent. 

Example 12 

10 In tfiis Exanple, a light-reflecting electrode substrate was fabricated as in Example 10. 

The light-reflecting electrode substrate had the structure as shown in FIG. 2. and was provided with a plurality of 
light-reflecting multilayered conductive films (electrodes) 10 each consisting of a transparent oxide thin layer 12 having 
a thickness of 10 nm. a light-reflecting silver thin layer 1 1 having a thickness of 120 nm and a transparent oxide thin 
layer 13 having a thickness of 70 nm. which were aligned with each other and sequentiaily deposited on a grass sub- 

75 strate SUB having a thickness of 0.7 mm. On the multilayered structures, a moisture-resistant, transparent thin film 21 
having a thickness of 35 nm was formed, entirely covering the surfeces and side edges of the electrodea 

Both of the transparent oxde thin layers 12 and 13 were formed of a corrpound oxide material of indium oxide with 
zirconium oxide. The amount of the zirconium oxide was aich that the zirconium atoms amounted to 3 atomic percent 
of the total of the zirconium atoms and the indium atoms, in tenns of the metallic elements without counting the oxygen 

20 atoms. The silver-based thin layer 1 1 was formed of a silver-copper alloy containing 1 atomic percent of gold. The mois- 
ture-resistant transparent fOm 12 was formed of silicon oxide. The light-reflecting electrodes had a stripe shape with a 
width of 200 fxm, and were arranged at a pitch of 210 ^m and spaced at a distance of 10 pjm. Each electrode has afine 
width portion having a width of 20 nm or less, which was the wiring pattern for mounting the liquid crystal-driving IC chip. 
The transparent nuiltilayered conductive films 10 were prepared by sequentially forming the transparent oxide thin 

25 layer 1 2. the silver thin layer 1 1 and the transparent oxide thin layer 1 3 on a glass substrate, effecting the predetermined 
pattering by etching, in a manner similar to that in Exanple 1. Then, the transparent thin film 21 was fbnmed. the 
obtained structure was sd)jected to an annealing treatment at 220^0 for 30 minutes. 

The reflectance of the light-r Electing multilayered conductive fflm 10, as compared to aluminum, is shown in FIG. 
1 2, wherein the r^lectance of aluminum was assumed as 1 00%. 

30 The light-reflecting corKfuctive fflm of this Exanple was stored in air for one month, and the changes in the light- 
reflecting properties were checked. As a result, no changes in the outer appearance of the films, as well as in the 
reflectance, were ot>served. 

Example 13 

35 

In this Exanple, a reflective type liquid crystal display dewce as shown in FIG. 4 was fabricated. 

The tran^arent electrodes 53i to 53n each had a stripe shape with a width of 100 ^m, and arranged on a light- 
scattering fflm 52 at a pitch of 1 10 pm. The light-reflecting electrodes 62 each had a strpe shape with a width of 320 
|im. The light-reflecting electrodes 62 were arranged at a pitch of 330 jim. and extended in a direction normal to the 
40 direction in which the transparent electrodes 53 extended. Each transparent electrode and each light-reflecting elec- 
trode had a fine width portion with a width of 20 nm or less. 

The transparent electrode 53 were each comprised of the transparent oxide thin layer 12 having a thickness of 40 
nm, the silver-based thin layer 1 1 having a thickness of 1 5 nm and the transparent oxide thin layer 1 3 having a thickness 
of 40 nm. 

45 The light-reflecting electrode 62 were each comprised of a transparent oxide thin layer 12 having a thickness of 10 
nm and formed in contact with the rear-side substrate 61 which was a glass sut>strate, a silver-based thin layer 1 1 hav- 
ing a thickness of 150 nm and a trartsparent oxide thin layer 13 having a thickness of 40 nm. 

In both the transparent and light-reflecting electrodes 53 and 62, the transparent oxide thin layers 1 2 and 1 3 had a 
refractive index of 2,24, and were each formed of a compound oxide material of indium oxide with cerium oxide, in which 

50 the amount of the cerium oxide was such that the cerium atoms anrKjunted to 30 atomic percent of the indium atoms, in 
terms of the metallic elements without counting the oxygen atoms. The silver-based thin layer 1 1 in both the electrodes 
53 and 62 was formed of a silver-copper alloy containing 0.8 atomic percent of copp&r. 

For comparison, a liquid crystal display device was fabricated as above, except that the electrodes 53 and 62 were 
formed of ITD having a sheet resistance of 8 fVsquare. and thickness of 240 nm. and an aluminum light-reflecting layer 

55 was fomned on the back side of the rear-side substrate 61 . The brightnesses of the saeens of both di^ay devices were 
compared. The display device of the invention was brighter by 10% than the conrparative display device, ensuring high 
display quality. Further, in the comparative display device, shadowing was observed on the displayed characters, but no 
shadowing was observed in the display device of the invention. Furthermore, in the comparative display device, the cfis- 
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played characters had double vision because the characters were mirrored on the aluminum reflecting layer. However, 
no such phenomena was observed in the display device of the invention. 

A multOayered conductive fOm (10) has a silver-based layer (11) formed of a silver-based metallic material. A first 
tran^rent oxide layer (12) is provided on one surface of the silver-t>ased layer (11). and a second transparent oxide 
5 . layer (13) is provided on the other surface of the silver-based layer (11). The first and second transparent oxide layers 
(12, 13) are independently formed of a compound oxide material of indium oxide with at least one secondary metal 
oxide whose metallic element has substantially no solid solubility in silver. 

Claims 

10 

I . A multilayered conductive f flm corrprising: 

a silver-based layer fbnned of a silver-based metallic nraterial and having first and second surfaces; 
a first transparent oxide layer provided on said first surface of said silver-based layer; and 
15 a second transparent oxide layer provided on said second surface of said silver-based layer; 

said first and second transparent oxide layers being Independently formed of a compound oxide material of 
indium oockie with at least one secondary metal oxide whose metallic element has sut>stantially no solid solu- 
bility in silver. 

20 2. The multilayered film according to claim 1 . characterized in that said metallic element having substantially no soBd 
solubility in silver is selected from the group consisting of titanium, zirconium, tantalum, niobium, hafnium, cerium, 
bismuth, germanium, silicon, chromium, and a corrtDination of two or more of these element 

3. The multilayered film according to claim 1 or 2, characterized in that said metallic element having substantially no 
25 solid solubility in silver occupies 5 to 50 atomic p^cent of a total atomic anrount with said indium. 

4. The multilayered film according to any one of claims 1 to 3. characterized in that said silver-based metaDic material 
con^rises an alloy of silver with a different element which prevents said silver element from migrating. 

30 5. The multilayered film according to daim 4. characterized in that said different element is selected from the group 
consisting of aluminum, copper, nickel, cadmium, gold. zinc, magnesium, and a combination of two or nrore of 
these elements. 

6. The multilayered film according to daim 4. characterized in that said different element is selected from the group 
35 consisting of tin, indium, titanium, cerium, silicon, and a con^ination of two or more of these elements, 

7. The multilayered film according to any one of dain^ 1 to 6. characterized in that said silver-based layer has a thick- 
ness of 2 to 20 nm. 

40 8. A transparent electrode substrate comprising the multilayered conductive film of claim 7 provided over a transpar- 
ent substrata 

9. The electrode substrate according to claim 8. characterized in that said silver-based metallic material contains 0.1 
to 3 atomic percent of copper and/or goW. 

45 

10. The electrode substrate according to daim 8 or 9, characterized in that said first and second transparent oxide lay- 
ers have a refractive index of 2. 1 or more. 

II. The electrode substrate according to daim 10. characterized in that said metallic element having substantially no 
50 solid solubility in silver is selected from the group consisting of cerium, titanium, zirconium, hafnium, tantalum, and 

a combination of two or more of these elements. 

12. The electrode substrate according to claim 10, diaracterized in that said metallic element having substantially no 
solid soIii)ility in silver comprises cerium or titanium. 

55 • 

13. The electrode substrate according to any one of claims 8 to 12, characterized in that said multilayered conductive 
film has a small width portion having a nrtinimum wkfth of 50 nm or less. 
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14. A liquid crystal display device comprising an observer-side electrode substrate, a rear-side electrode substrate 
arranged opposite to said ot}server-side electrode substrate, and a Oqtid crystal material sealed between these 
dectrode substrates, at least one of said electrode sibstrates being constituted by the transparent electrode sub* 
strata according to any one of claims 8 to 13. 

1 5. The muttilayered film accading to any one of claims 1 to 6, characterized in that said silver-based layer has a thick- 
ness of 50 nm or more. 

16. A liquid crystal display device conprising an observer-side electrode substrate provided with a transparent elec- 
70 trode, a rear-side electrode substrate provided with a light-reflecting electrode and arranged opposite to said 

observer-side electrode substrate, and a liquid crystal material sealed between these electrode substrates, said 
light-reflecting electrode being constituted by the multilayered conductive film of claim 15. 
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